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AN EXPERIMEHIIAL INVISTIGATION OF AN OBLIQUE-WING AND BODY 
CU4BINA'lTON AT MACH NUMBERS €%Th@XN 0.60 AND 1.40 
By Lawrence A. Graham, Robert T. Jones and Frederick Fr. Boltz  
Ames Research Center 
SUMMARY 
An experhen+& inves t iga t ion  was conducted i n  the  Ames 11-by 11-Foot 
Wind Tunnel t o  cietermine the  serodynamic cha rac t e r i s t i c s  of an oblique 
high aspect r a t i o  wing i n  combination with a high f ineness-rat io  Sears- 
Haack body. 
ta ined a t  wing yaw angles from 0 t o  60' over a test Mach number range from 
0.6 t o  i.k for angles of a t tack  between -6' and 9'. 
i n  Rey~01.d~ number, dihedral, and t ra i l ing-edge angle were studied along 
with the  e f f e c t s  of a roughness s t r i p  on the  upper and lower surfaces of 
the wing. 
the flow on the  wing surfaces. 
Longitudinal and l a t e ra l -d i r ec t iona l  s t a b i l i t y  data were ob- 
Ihe e f f e c t s  of changes 
Flow-visualization s tudies  v i e  msde t o  determine the  nature of 
With f ixed  or  natur;l boundary-layer t r ans i t i on  on the  wing-body coin- 
binat ion exceptionally high values of maximum l i f t - d r a g  r a t i o  vere obtained 
a t  a l l  Mach numbers tes ted  by employing the  proper amount of wing yaw. A t  
a Mach number of 0.98 with the  wing a t  45" t he  maximum l i f t - d r a g  r a t i o  was 
20 t o  1; a t  a Mach number of 1.4 with the  wing a t  60' t he  maximum lift- 
drag r a t i o  was approximatzly ll t o  1. These values a re  s ign i f i can t ly  high- 
e r  than those previously obtained with b i l a t e r a l l y  synanetric swept or  d e l t a  
wings. 
IN'J!ROIXICTION 
As i s  well known, the  most e f f i c i e n t  form f o r  l a w  speed f l i g h t  i s  a 
s t rb igh t  uswept  wing of high aspect ra t io .  
wing when s e t  a t  varying oblique angles t o  the  f l i g h t  d i rec t ion  should a l s o  
provide maximum aerodynamic e f f ic iency  a t  t ransonic  and low supersonic 
speeds. l h i e  prediction has recent ly  been t e s t ed  i n  the NASA-Ames Research 
Center 11-by 11-Foot Transonic Wind Tunnel and preliminary r e s u l t s  a re  
presented i n  the  following report without analysis. 
According t o  theory the  same 
Theory ind ica tes  that i n  order t o  achieve maximum ef f ic iency  the  
oblique angle of t he  wjng must be varied w i t h  the  Mach number i n  such a 
way that the component of veloci ty  normal t o  the  long a x i s  of the  wing 
r e m i n s  subsonic and below the  c r i t i c a l  Mach number of t he  sections. The 
sections taken i n  planeE perpendicular t o  the long e x i s  of the wing thus 
have a "subsonic" shape k i t h  a rounded leading edge and camber t o  produce 
a high lift coefficient a t  a high c r i t i c a l  Mach number. The wings of the 
models tes ted had a lesding edge r s d i u s  of 2$, maximum camber of 3$ and the 
thickness-chord r a t i o  of lo$. 
ure 2 )  with an axis r a t i o  of 10 t o  1, corresponding t o  an unswept aspect 
r a t i o  of 12.7. 
The planform was quas i - e l l i p t i ca l  (see f i g -  
Calculations a l s o  indicate  t h a t  t he  loading tends t o  shift toward t h e  
To compensate f o r  this e f f e c t  the model wings were constructed with 
downstream t i p  a s  the wing i s  pivcted r e l a t i v e  t o  the  body longitudinal 
axis. 
a cer ta in  amount of upward curvature i n  the unyawed position. 
"curvilinear dihedral" has an aerodynamic e f f e c t  similar t o  that of twist 
when the wing i s  yawed. The e f f e c t  i s  i o  increase the  angle of a t t ack  of 
tine forward t i p  ana reduce the angie of t i e  rearward t i p .  
Such a 
The axis system ar?d sign convention a r e  shown i n  figure 1. Lift and 
drsg are presented i n  the s t ab i l i t y -ax i s  coordinate system and a l l  other 
forces and moments are presented i n  the body-axis coordinate system. Be- 
cause the data were computer plot ted the corresponding p lo t  symbol, where 























drag coeff ic ient ,  iirag/qS 
rolling-moment coeff ic ient ,  r o l l i n g  mment/qSb 
l i f t  coeff ic ient ,  l i f t / q S  
pitchiqg-moment coefficient, pitching moment/qS~,ot 
yawing-moment coefficient,  yawing moment/qSb 












maximum v e r t i c a l  distance from wing reference 
plane t o  wing base l i n e  a t  0 . 4 ~  fo r  Wl 
maximum v e r t i c a l  distance f'rom wing reference 
plane t o  wing base l i n e  a t  0 . 4 ~  f o r  W, - 
longitudinal distance along the  body from body 
maximum diameter 
L/D l i f t - d r a g  r a t i o  
MACH free-stream Mach number 
free-stream dynamic pressure 





maximum distance from wing base l i n e  t o  wing 
upper surface measured per 2ndicular t o  the wing 
base l i n e  
maximum distance f'rom wing base l i n e  t o  wing 
lower surface measured perpendicular t o  the wing 
base l i n e  
v e r t i c a l  distance from wing chord t o  wing upper 
surface 
v e r t i c a l  distance from wing chord t o  wing lower 
surface 
Cartesian coordinate 
ALPHA angle of a t t ack  
BETA angle of s i d e s l i p  
t r a i l i n g  edge segment def lect ion 
3 
m a x  
5 
10 
LAMBDA angle betw ?n a perpendicular t o  the body longi- 
t ud ina l  ax i s  and t he  0.25 chord l i n e  of the wing 
measured i n  a horizontal  plane 
angle between v e r t i c s l  plane and the intersect ion 
of the c i r cu la r  portion of the body with the rec-  
tangular portion of the body 
Subs c r i p t  s 
m a x i m u m  va lue  
denotes ox i g i n a l  wing dihedral 
denotes reshaped ving dihedral 
zero t r a i l i n g  edge def lect ion 
5 degree downward t r a i l i n g  edge def lect ion 
measured reletive t o  zero t r a i l i n g  edge dcflention 
10 degree downward t r a i l i n g  edge def lect ion 
Configuration Code 
W wing 
F t r a i l i n g  edge segment 
B body 
TEST FACILITY 
The t e s t s  were conducted i n  the Ames 11-by 11-Foot Transonic Win6 
Tunnel which i s  a variable density, closed return,  continuous flow type. 
This tunnel has an adjustable nozz,le (two flexible wal ls )  and a s l o t t e d  
t e s t  section t o  permit transonic l,esting over a Mach number range con- 
t i n u o u s l y  variable from 0.4 t o  1 . f b .  
4 
MODEL DESCRIPTIQN 
The models consisted of an e l l i p t i c a l  planform wing mounted on top of 
a Sears-Haack body a s  shown i n  f igu re  2. 
invest igated and of t he  Sears-Haack body, which was common t o  a l l  configu- 
r a t ions ,  a r e  given i n  tab les  2 and 3 and f igure  2(a)  through (d). 
graphs of the  model a re  shown i n  figure 2(e). The wing was pivoted i n  the  
horizontal  plane about the  0.4 root-chord point t o  obtain oblique angles 
of O", 45", 50°, 55" and 60" r e l a t i v e  t o  the body longi tudinal  ax i s  as 
shown i n  f igure  2(a). 
Per t inent  dimensions of the wings 
Fhoto- 
A l l  wings had e l l i p t i c a l  planforms with a s t r a i g h t  25-percent chord 
l i n e  ( f igure  2(a)).  
2( f ) ) perpendicular t o  the  upswept chord l i ne .  
The basic  wing s?ctl.on was a NACA 3610-02,40 ( f igure  
Modifications t o  the  bas ic  wing for these t e s t s  (herein re fer red  t o  a s  
wing number 1, Wl) included removing the  anhedral; the r e su l t i ng  dihedral  
for the wing which w i l l  herein be r e fe r r ed  t o  as wing number 3,W3, i s  shown 
i n  f i , p e  2(c). The basic  wing, W1, was also modified for these tests by 
adjust ing the  t r a i l i n g  edge segments 5 and 10 degrees downward as shown i n  
f igure  2 k ) .  
The models were s t i n g  mounted through the  base of the  model body showr 
i n  f igures  2(a) and 2(d), and force  and moment data were obtained from an 
in t e rna l ly  mounted six-campcnent strain-gage balance. 
w a s  on the  body center l i n e  and longi tudina l ly  a t  the wing pivot  point 
(0.4crWt). 
million per foot. 
numbers of 4 m d  8 mil l ion per foot. 
for each configuration t o  always define m a x i m u m  l i f t - t o - d r a g  r R t i o ,  was 
nominally - + 8 degrees. 
The moment center 
Tests were conducted pr inc ipa l ly  a t  a Reynolds number of 6 
Limited data were obtained for the basic  wing a t  Reynolds 
Angle-of-attack range, selected 
Data were obtained for oblique angles of Oo, 45", 50°, 55", and 60" 
for t he  basic  wing ( f igure  2(a)). For the  other configuretions ( the  wing 
with the  t r a i l i n g  edge def lected 5 or 10 degrees downward; the  wing without 
anhedral, W3, and the wing with roughness s t r i p s )  data were obtained for 
oblique angles of O', 45', and 60". Roughness s t r i p s  1/8-inch wide were 
?laced on the  upper and lower surfaces of t he  wing without anhedral and 
around the  body nose. 
placed approximately *-inch downstream of the  wing leading edge and approxi- 
mately 2p inches  downstream from the  body nose. 
"he s t r i p s  were made of O.OOk5-inch diameter spheres 
The densi ty  of the  spheres within the roughness s t r i p s  was determined 
5 
using state-of - the-ar t  techniques (reference 1). Individual 0.0045-inch 
d i m e t e r  spheres were placed i n  a row, staggered spamise and chordwise, 
on the wing surfaces and flow visualizatLon techniques (fluorescent o i l  
and sublimation) were used t o  determine the ns tu ra l  boundary-layer t r a n s i -  
t i o n  point on t he  wing. The measured balance data were adjusted t o  a con- 
d i t i o n  corresponding t o  freestream s t a t i c  pressure on the base. 
Mach number range f o r  each oblique angle t e s t e d  i s  shown i n  t ab le  4. 
RESULTS AND DISCUSSION 
-4 complete index t o  t h e  dP5a figures i s  g iven  i n  t a b l e  5. 
A t  M = 0.98 and the wing a t  45" (L/D),, was 20 t o  1. 
The experi- 
ments have shown t h a t  an oblique wing of high aspect r 6 t i O  cari give excep- 
t i o n a l l y  h i g h  values of l i f t / & a g - r a t i o  a t  all Mach numbers from 0.60 t o  
1.40. A t  60. yaw 
and M = 1.4 (L/D)w3x was Zpproximately 11. 
higher than those previously obtained with b i l a t e r a l l y  synunetric swept or 
d e l t a  wings. 
Bese values are s ign i f i can t ly  
Upward curvature of the wing i s  e f f ec t ive  i n  reducing the t r i m  changes 
of t r i m  with yaw angle t o  very l o w  values within the cruising range. 
higher angles of a t t ack  s ign i f i can t  t r i m  changes occur, apparently because 
of s t a l l i n g  of the downstream t i p .  
A t  
Ames Research Center 
National Aeronautics and Space Administration 
Moffett Field, California 94035 December 22, 1972 
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TABLE 1. - MODEZ GFKMETRY 
Body (Sears-Haack) 
h c g t h  
Closed 
Cut-off 
M a x i m u m  diameter 
Wing 
Planform 1O:l e l l i p s e  about c/4 
span (reference ) 
Area (reference ) 
Root chord 
Aspect r a t i o  
Incidence 
0 . 2 5 ~  sweep 
Se cbion 
Maximum thickness, percent chord 
Leading-edge nose radius, percent chord 
Maximum t / c  
45.25 i n  
36.00 i n  
3.37 i n  
60.00 in 
278.00 i n 2  
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* ' A l l  dimenrione ate  inches 
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* A l l  dimensions a r e  Inches except Areti, in', and @, degrees 
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* A1L dimensions are inches  except  Area, in2 ,  and #, degrees 










































































































































































































































* A l l  dimensions 8re inch-s  except Area, i n 2 ,  and # , degrees 
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* All dimensions are inches except Area, i n 2  
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TABLE 3. - MODEL BODY DATA - Concluded. 








TABLE 5. - INDEX OF DATA FIGORES 
Title -ge 
1 Effect of Reynolds number. -- 
Effect of trailing edge angle- 36 
Effect of dihedral. 127 
EPfect of sur face  roughness s t r i p s .  302 
18 

( a )  Model drawing 
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z-uR 1 r Camber l ine  
I 1 
t I - 
Chord line 
X 
Camber 2-up -t 




































-. 00594 - .01619 
-.0223O - .02671 
-.02864 
-002951 
-.02981 - ,0293 
- 0 0 3 3 7 9  -. 01899 - 02285 
-000613 - 0 000 38 
- 0 00300 
- : w715 
.m07 
( f )  W i n g  section h w i n g  and tabulate& airfoil section data 
Figure 2.- Continued. 
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